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1
SEQUENTIAL IMAGING APPARATUS

RELATED APPLICATIONS

Thts application is a continuation-in-part of earlier
filed co-pending application Ser. No. 07/802,358, filed
Dec. 4, 1991 by Peter M. Bonutti and entitled Appara-
tus and Method for Use in Medical Imaging. The bene-
fit of the earlier filing date of the aforementioned appli-
cation Ser. No. 07/802,358 for all subject matter com-
mon with this application 1s hereby claimed.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to medical imaging
apparatus. More particularly, the present invention
relates to apparatus for use in imaging body parts such
as joints, in applications such as magnetic resonance
imaging, CAT scanning, X-ray imaging, etc.

2. Description of the Prior Art

Human body parts such as joints can be imaged with
magnetic resonance imaging apparatus, CAT scanners,
X-ray machines, and other types of imaging apparatus.
A typical medical imaging apparatus can image a joint
such as a knee joint in almost any single orientation,
limited only by the physical dimensions of the imaging
device. However, a typical imaging apparatus is not
capable of taking sequential images of a joint in prede-
termined selected orientations, in a repeatable manner.
The various bones, cartilage, ligaments, etc., assume
different positions and orientations when the joint is
flexed or extended. Imaging a joint in only one onenta-
tion may not reveal defects or disease which 1s visible
only in certain orientations of the joint. Also, imaging a
joint in only one orientation does not allow a doctor to
study the full range of motion of the joint. Accordingly,
it would be desirable to provide apparatus allowing for
sequential, repeatable imaging of a joint in predeter-
mined selected orientations.

SUMMARY OF THE INVENTION

In one embodiment, the present invention is an index-
ing assembly for imaging a joint of a patient, the joint
being movable into a plurality of different orientations.
The indexing assembly includes an index member con-
nected with the joint for movement with the joint. The
index member has a plurality of sequential index posi-
tions. A blocking member is movable relative to the
index member between a first position blocking move-
ment of the index member out of any one of the sequen-
tial index positions and a second position not blocking
movement of the index member. The joint is imaged
with the index member in one index position and the
blocking member in the first position. After the joint 1s
tmaged, the blocking member is moved to the second
position to release the index member. The patient moves
the index member to the next sequential index position.
‘The indexing assembly includes hmiting means for lim-
iting movement of the index member to movement into
the next one of the sequential index positions upon
movement of the index member out of any one of the
sequential index positions.

Almost all the parts of the indexing assembly, includ-
ing the index member and the blocking member, are
disposed inside the pnmary imaging coil and closely
adjacent to the joint during imaging of the joint. The
only parts remote from the joint are a release control
member for engagement by the patient and a connecting
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2
member connecting the release control member with
the blocking member.

In another embodiment of the invention, an indexing
assembly is provided for indexing the knee joint
through its range of motion about an axis parallel to the
plane of the table. The patient lies on his back on the
imaging table, with the knee raised up off the table. As
the patient moves his foot up and down, the knee joint
is flexed and extended through its range of motion. The
indexing assembly is attached to the end of the imaging
table. This allows the patient’s foot to drop down below
the top of the table, when the index assembly is moved
to a low position. Thus, the knee joint can be moved
through a greater range of motion than if the foot could
not drop below the top of the table. Accordingly, the
physician can itmage the knee joint through a greater
range of motion. This provides substantial advantages
as compared to prior art imaging in which the patient’s
entire body remains above the top of the imaging table.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present in-
vention will become apparent to one skilled 1n the art to
which the present invention relates upon consideration
of the following description of the invention with refer-
ence to the accompanying drawings, wherein:

FIG. 1 is a perspective view of a sequential imaging
apparatus in accordance with the present invention,
showing a knee joint in position t0 be imaged;

FIG. 2 is an exploded perspective view of the imag-
ing apparatus of FIG. 1;

FI1G. 3 1s a top plan view with parts removed of the
imaging apparatus of FIG. 1 in a locked condition;

FIG. 4 is a fragmentary sectional view with parts
removed showing portions of the imaging apparatus in
a locked condition;

FIG. § is a view similar to FIG. 4, showing the imag-
ing apparatus in an unlocked condition;

FIG. 6 1s a view similar tc FIG. 3 showing the imag-
ing apparatus in an unlocked condition;

FIG. 7 1s a fragmentary sectional view with parts
removed showing the relative positions of the plunger
and cocking pin when the apparatus is in the locked
condition;

FIG. 8 is a view similar to FIG. 7 showing the rela-
tive positions of the plunger and cocking pin when the
apparatus is in the unlocked position;

FIG. 9 is a perspective view of an imaging apparatus
and index assembly in accordance with a second em-
bodiment of the invention;

FIG. 10 is a side elevational view of the apparatus of
FIG. 9 showing the index assembly in first and second
index positions;

FIG. 11 1s a sectional view taken along line 11—11 of
FIG. 10 with parts removed, showing the index assem-
bly in a first index position;

FI1G. 11A is a view similar to FIG. 11 showing the
index assembly in a second index position;

FIG. 12 is an enlarged fragmentary sectional view of
a coil support portion of the apparatus of FIG. 9; and

FIG. 13 is an enlarged fragmentary sectional view of
a cuff and leg plate portion of the apparatus of FIG. 9.

FIG. 14 is a perspective view of a magnetic resonance
imaging apparatus in accordance with the present in-
vention.
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DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

The present invention relates to sequential imaging
apparatus, and particularly to apparatus for sequential
imaging of a joint in an imaging apparatus such as a
magnetic resonance imaging apparatus. The present
invention is applicable to various imaging apparatus
constructions. As representative of the present inven-
tion, FIG. 1 illustrates an index assembly 10 for indexing
movement of a knee joint in a direction parallel to the
plane of an imaging table and about an axis normal to
the plane of the imaging table.

FI1G. 14 schematically illustrates a known patient
support table 16 for supporting a patient during imaging
inside a known primary coil 14 of a known magnetic
resonance imaging unit 12. The table 16 is supported for
sliding longitudinal movement into an out of the pri-
mary coil 14 in a known manner. The index assembly 10
is positionable on the table for sliding longitudinal
movement into and out of the primary coil 14.

The index assembly 10 includes a generally planar
base 20 having an upper major side surface 22 (FIG. 2).
An opening 24 extends downwardly into the base 20
from the upper major side surface 22 of the base.

Four risers 26 are fixed to the base 20 and project
upwardly from the upper major side surface 22 of the

base. The risers 26 support a generally planar upper.

panel 30 at a location spaced from and parallel to the
base 20. Four screws 32 extend through openings 34 in
the upper panel 30 and into the risers 26, to secure the
upper panel 30 to the base 20. An opening 36 extends
through the upper panei 30. The opening 36 is coaxial
with the opening 24 1n the base 20.

A central support shaft 40 has its lower end received
~1n the opening 24 of the base 20 and its upper end ex-
tending through the opening 36 in the upper panel 30.
The central support shaft 40 is rotatable relative to the
base 20 and to the upper panel 30 about an axis 42
(FIGS. 4 and §).

A tray 850 (FIG. 2) is fixed, in any suitable manner, to
the upper end of the central support shaft 40. The tray
50 is rotatable with the central support shaft 40, relative
to the base 22 and the upper panel 30. The tray 50 has a
horizontal tray portion 52 and a vertical tray portion $4
fixed to each other. The horizontal tray portion 52 has
an upper major side surface §6. Two leg straps 58 and 60
are fixed to the tray 50.

An index disk 70 is fixed for rotation with the central
support shaft 40. The index disk 70 is cylindrical in
shape and has a flat upper major side surface 72 and a
cylindrical outer side surface 74.

A plurality of trip pins 76 are disposed in a circular
pattern on the index disk 70 about the axis 42. The trip
pins 76 extend upwardly from the upper major side
surface 72 of the index disk 70. The radial distance from
the axis 42 to each trip pin 76 is the same. All of the trip
pins 76 are of the same dimensions and configuration.
Thus, as the index disk 70 rotates about the axis 42, the
trip pins 76 revolve in one circular path about the axis
42. The radially outermost surfaces of the trip pins 76
describe a circular path 78 indicated in dashed lines in
FIGS. 3 and 6.

The trip pins 76 are spaced about the axis 42 in equal
angular increments. In the illustrated embodiment,
twenty-four trip pins 76 are provided, with an angular
spacing of 15° between each trip pin. However, a differ-
ent number of trip pins 76 can be provided, with corre-
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4

spondingly different spacing therebetween, as described
below in greater detail.

A plurality of index openings 80 in the index disk 70
extend radially inwardly from the cylindrical outer side
surface 74 of the index disk for a relatively short dis-
tance toward the axis 42. There are as many index open-
ings 80 as there are trip pins 76. The angular spacing
between the index openings 80 is the same as the angular
spacing between the trip pins 76. Thus, in the illustrated
embodiment, twenty-four index openings 80 are pro-
vided, each spaced 15° apart from the next, around the
outer circumference of the index disk 70. As can be seen
in FIGS. 3 and 6, the index openings 80 are staggered
relative to the trip pins 76. The index openings 80 are
spaced circumferentially equidistant between pairs of
adjacent trip pins 76.

A support block 90 is fixed to the base 20 at a location
spaced from the index disk 70. An end portion 92 (FIG.
2) of the upper panel 30 projects over the support block
90. A cylindrical plunger opening 94 (FIG. 4) extends
through the support block 90 in a direction to intersect
the axis 42. The support block 90 has a reduced diame-
ter neck portion 96 at the outer end of the plunger open-
ing 94. |

A plunger 100 is slidably received in the plunger
opening 94 1n the support block 90. The plunger 100 has
a cylindrical outer surface 102 (FIGS. 7 and 8). The
plunger 100 has a head end portion 104 (FIG. 4) and a
trailing end portion 106. An annular groove 108 in the
plunger 100 is disposed between the head end portion
104 and the trailing end portion 106.

An elongate member 110 (FIG. 3) is connected to the
trailing end portion 106 of the plunger 100. The elon-
gate member 110 (preferably a cord or a string) extends
longitudinally through a compression spring 112
(FIGS. 3 and 4) disposed between the trailing end por-
tion 106 of the plunger 100 (FIG. 4) and the support
block neck portion 96. The spring 112 biases the
plunger 100 relative to the support block 90 in a direc-
tion to the left as viewed in FIGS. 3-6, toward the index
disk 70.

A swivel pin 120 1s fixed to and extends upwardly
from the support block 90. The swivel pin 120 (FIG. 4)
1s received in an opening 124 in a trigger 122. The
swivel pin 120 supports the trigger 122 for pivotal
movement about the swivel pin relative to the base 20.

The trigger 122 has a head end portion 126 which
extends over the index disk 70. The head end portion
126 of the trigger 122 extends over the index disk 70 to
a location radially inwardly of the path 78 defined by
the radially outermost surfaces of the trip pins 76. Thus,
as the index disk 70 rotates, the head end portion 126 of
the trigger 122 is engageable by the trip pins 76.

A trailing end portion 128 of the trigger 122 extends
between opposed trigger biasing assemblies 130 and
132. The trigger biasing assembly 132 (FIGS. 3 and 6)
includes a housing 134 (FIGS. 4 and 5) fixed to the
support block 90. A biasing block 138 (FIG. 3) is re-
ceived 1n a cylindrical opening in the housing 134. A
compression spring 136 biases the biasing block 138
against the trailing end portion 128 of the trigger 122, in
a direction toward the bottom of FIGS. 3 and 6. Simi-
larly, the biasing assembly 130 includes a compression
spring 142 which urges a biasing block 144 in the oppo-
site direction against the trailing end portion 128 of the
trigger 122, that i1s, toward the top of FIGS. 3 and 6.
The biasing effects placed on the trigger 122 by the
biasing assemblies 130 and 132, respectively, are equal,
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so0 that the trigger 122 normally maintains the position
llustrated in FIG. 6 aligned with the axis 42 and with
the plunger 100.

The tnigger 122 includes a cocking pin 150. The cock- '

mg pin 150 extends downwardly from the trailing end
portion 128 of the trigger. The cocking pin 150 extends
downwardly far enough so that as the trigger 122 pivots
about the swivel pin 120, the cocking pin 150 can en-
gage the outer side surface 102 of the plunger 100, as
seen in FIG. 7. The lower end 152 of the cocking pin
150 can enter the groove 108 in the plunger 100, as seen
in FIG. 8.

The index assembly 10 is adapted for imaging of the
knee joint of a patient lying on a table inside a primary
mmaging coil of a magnetic resonance imaging appara-
tus. The patient supinates the foot and leg so that the
lower leg fits along the upper major side surface 56 of
the horizontal tray portion 52 of the tray 50, as illus-
trated in FIG. 1. The straps 58 and 60 are placed around
the lower leg to stabilize the limb and secure the lower
leg to the tray 50.

The index assembly 10 is initially in a locked condi-
tion as illustrated in FIGS. 3 and 4. One index opening
160 of the index openings 80 is aligned with the plunger
100. The spring 112 biases the head end 104 of the
plunger 100 into the index opening 160. The plunger
100 blocks rotation of the index disk 70 about the axis
42. Because the index disk 70 cannot rotate, the central
support shaft 42 and the tray 50 also cannot rotate.
Thus, the patient’s lower limb, which is strapped to the
tray 50, 1s stabilized and a clear image of the knee joint
can be taken.

When the index assembly 10 is in the locked condi-
tion shown in FIGS. 3 and 4, the trigger 122 is in a
pivoted onentation not pointing toward the axis 142 and
not paralle] to the plunger 100. The cocking pin 150 of
the trigger 122 extends below the top of the plunger
100. The cocking pin 150 engages along the cylindrical
outer side surface 102 of the plunger 100, as illustrated
in F1G. 3 and in more detail in FIG. 7. The plunger 100
holds the cocking pin 150 and the trigger 122 in this
pivoted position illustrated in FIG. 3, against the biasing
effect of the spring 136.

When 1t is desired to index the knee joint in a different
orientation, the index assembly 10 must be released to
allow the index disk 70 to move to the next index posi-
tion. The patient pulls a handle 164 attached to the
elongate member 110 extending from the plunger 100.
The plunger 100 is retracted against the bias of the
spring 112, from the blocking position illustrated in
F1GS. 3 and 4 to the position illustrated in FIGS. § and
6. The head end portion 104 of the plunger 100 is re-
tracted out of the index opening 160. The index disk 70
is then free to rotate if the patient moves the joint.

When the plunger 100 is retracted by the patient, the
groove 108 in the plunger moves into a position adja-
cent the cocking pin 150. The cocking pin 150 is then
free to move laterally into the groove 108 in the plunger
100. The biasing effect of the spring 136 pivots the
trigger 122 so that the cocking pin 150 moves into the
groove 108 of the plunger 100, centered over the
plunger. The tngger 122 is in a cocked position. The
springs 136 and 142 hold the trigger 122 centered be-
tween them, and the index assembly 10 is then in the
position shown in FIGS. §, 6, and 8. The engagement of
the cocking pin 150 in the groove 108 of the plunger 100
blocks movement of the plunger 100 in a direction
toward the index disk 70. The patient can release the
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6

handle 164, and the plunger 100 will not move into
engagement with the index disk 70 or into any of the
index openings 80.

The patient can then move the knee joint toward the
next sequential index position at which an image is to be
taken. As the patient flexes or extends the knee joint, the
limb portion strapped to the tray 50 moves the tray 50
and causes the index disk to rotate, for example, in the
direction indicated by the arrow 166 in FIG. 3. As the
index disk 70 rotates, the trip pin closest to the trigger
122, which 1s the trip pin designated 168 in FIG. 3,
engages the head end portion 126 of the trigger 122.
The trip pin 168 pivots the trigger 122 about the swivel
pin 120, from the cocked position illustrated in FIGS. S
and 6 back toward the uncocked position illustrated in
FIGS. 3 and 4.

When the trigger 122 pivots, the cocking pin 150
moves out of the groove 108 in the plunger 100, from
the position illustrated in FIG. 8 to the position illus-
trated in FIG. 7. When the cocking pin 150 moves out
of the groove 108 in the plunger 100, the plunger is then
free to move longitudinally in the plunger opening 94 in
the support block 90. The biasing effect of the plunger
spring 112 causes the plunger 100 to move toward the
index disk 70. The head end portion 104 of the plunger
100 engages the cylindncal outer side surface 74 of the

index disk 70. As the index disk 70 continues to rotate in
the direction indicated by the arrow 166, the next se-

quential index opening 162 moves into position between
the axis 42 and the plunger 100, and the head end por-
tion 104 of the plunger moves mnto the index opening
162, blocking further rotation of the index disk 70.

Rotation of the index disk 70 by the patient results in
almost immediate engagement of the trigger 122 by the
trip pins 76. This engagement releases the plunger 100,
again almost immediately, and the plunger 100 is in
position to engage the next succeeding index opening 80
along the outer circumferential surface 74 of the index
disk 70. Thus, the construction of the index assembly 10
assures that whenever the patient releases the index
assembly 10 by pulling on the handle 164, and then
moves his knee joint, the index assembly 10 will lock in
a next index position a given number of degrees from
the previous index position. In the illustrated embodi-
ment, that number of degrees is 15°. That number of
degrees can be changed by placing the index openings
80 and the trip pins 76 at different angular spacings
around the index disk 70. For example, if seventy-two
trip pins 76 are provided, spaced 5° apart, and an equal
number of index openings 80, then the movement of the
index disk will be automatically limited to 5° of indexing
each time. Thus, no matter how fast the patient flexes or
extends his leg to rotate the index disk 70, the plunger
100 will always engage in the next sequential index
opening 80 in the index disk 70. This assures that a
precise repeatable sequence of images can be taken
using the index assembly 10.

In the illustrated embodiment, the index assembly 10
i1s used 1n a magnetic resonance imaging application.
Therefore, all of the parts of the index assembly 10 are
made of nonferromagnetic matenals. Preferably, the
majority of the parts of the index assembly 10 are made
of polyethylene or of Delrin ® brand plastic. The
plunger spring 112 and the trnigger biasing springs 136
and 142 can be made of beryllium copper or of a similar
nonferromagnetic material having the desired spring
characteristics. The straps 58 and 60 for stabilizing the
patient’s leg to the tray 50 can be made of nylon with
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suitable fasteners such as Velcro ®) brand fasteners. The
elongate member 110 can be a simple string or cord
made of fabric or plastic.

It should be understood that the present invention is
not limited to imaging of a knee joint, and that the pres-
ent invention is not limited to imaging in a magnetic
resonance imaging apparatus. The principles of the
illustrated indexing assembly are applicable to imaging
of almost any joint. Thus, the indexing assembly 10 can
be configured to support other joints such as an elbow
joint, an ankle joint, a wrist joint, or a shoulder joint.
Sequential imaging of all these joints can be useful. An
indexing assembly in accordance with the present in-
vention can also be used in conjunction with a CAT

10

scanner, an X-ray imaging apparatus, or other types of 15

imaging apparatus.

It can thus be seen that the present invention provides
an index assembly 10 for imaging a joint of a patient
movable into a plurality of different orientations. The
index assembly 10 includes an index disk 70 connected
for movement with the joint by the tray 50. The index
assembly 10 has a plurality of sequential index positions,
two of which are illustrated in FIGS. 3 and 6. A plunger
110 1s movable relative to the index disk 70 between a
first position (illustrated in FIG. 3) blocking movement
of the index disk out of any one of the sequential index
positions, and a second position (illustrated in FIG. 6)
not blocking movement of the index disk out of any one
of the sequential index positions. An actuator 110, 164 is
connected to the plunger 100 for moving the plunger
between the first position and the second position. The
index assembly includes trip pins 76 and a trigger 122
for limiting movement of the index disk 70 to movement
into the next one of the sequential index positions upon
movement of the index disk out of any one of the se-
quential index positions.

It can further be seen that the present invention con-
templates that the entire index assembly 10 is disposed
inside a primary imaging coil of a magnetic resonance
imaging apparatus or the like in a location closely adja-
cent to a joint during imaging of the joint. The only
parts remote from and not closely adjacent to the joint
during imaging of the joint are a release control member
or handle 164 and an elongate connecting member 110
connecting the release control member with the plunger
100. These parts are also within the primary imaging
coil as they are grasped by the patient’s hand.

It can be further seen that the present invention pro-
vides an actuator 164, 110 operable by a patient and
connected to the plunger 100 for moving the plunger
100 into a position to allow movement of the index disk
70 out of a sequential index position, subsequent to
imaging of a joint. The index assembly further includes
a tray 50 and a central support shaft 40 for transmitting
the force of movement of the joint between different
orientations to the index disk 70 to move the index disk
into the next one of its sequential index positions upon
movement of the joint into a different orientation. Lim-
iting means including the trigger 122 is operable to
move the plunger 100 back into its locking position in
one of the index openings 80, to allow imaging of the
joint in the next one of its different orientations.

In a second embodiment of the invention, an indexing
assembly 1s provided for movement of the knee joint
about an axis parallel to the plane of an imaging table
and in a direction transverse to the plane of the table.
The patient lies on his back inside a primary imaging
coil of a magnetic resonance imaging apparatus, and

20

8

moves his lower leg up and down to extend and flex the
knee joint. The knee is elevated so that the knee joint
can be moved through its full range of motion.

An index assembly 200 in accordance with the second
embodiment of the invention is illustrated in FIGS.
9-13. FIGS. 9 and 10 show portions of an imaging table
202 which is slidable inside a primary coil (not shown)
of a magnetic resonance imaging apparatus. The table

'202 has an upper major side surface 203. The patient lies

on a pad 204 on the table 202. The patient’s head is
towards the right as viewed in FIGS. 9 and 10. The
table 202, with the pad 204, 1s movable longitudinally in
and out of the primary coil. The table 202 is slid out to
set up and place the patient on the table, then is slid in
for imaging. |

In addition to the primary coil, a known secondary
coil assembly 206 may be used to obtain a better image
of the knee joint. The secondary coil assembly 206 in-
cludes a frame 208 with a lower frame portion 210 and
two upright frame portions 212 and 214. The secondary
coil itself includes a lower coil portion 216 fixed to the

~ coil frame 208. An upper coil portion 218 is pivotally
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mounted at one end 220 to the frame 208. The upper
coil portion 218 is pivotable from the closed position
shown in FIGS. 9 and 10 to an open position (not
shown) to allow the patient’s leg to be placed inside the
secondary coil from above. The upper coil portion 218
then is swung back to the closed position to image the
knee joint.

The coil lower frame portion 216 (FIG. 12) has on its
lower surface a rib 222 which extends parallel to the
length of the table 202. The rib 222 normally fits in a
complementary groove 224 on the table 202, so that the
secondary coil assembly 206 is slidable along the table
202 to image at vanious locations along the table. How-
ever, in accordance with the present invention, the knee
is raised up off the table 202 to allow imaging of the
knee joint through its range of motion. Thus, the sec-
ondary coi] assembly 206 must also be raised up off the
table 202.

A pair of coil support blocks 226 and 228 support the
secondary coil assembly 206 in its raised position. Each
coil support block has on its lower surface a rib 230
which fits into the groove 224 on the table 202. Each
coil support block 226, 228 also has on its upper surface
a groove 232 which accepts the rib 222 of the coil lower
frame portion 216. Thus, the coil support blocks 226 and
28 and the secondary coil assembly 206 are slidable
along the table 202 to image at various locations along
the table. Each coil support block 226, 228 has a fas-
tener opening 234 for recetving therethrough a suitable
fastener (not shown) to secure the coil support block to
an existing opening 236 in the table 202. Each coil sup-
port block 226, 228 also has an actuator passage 238
extending longitudinally through the coil support block
in a direction parallel to the length of the table 202, for
a purpose to be described below.

A coil clip 240 attaches the secondary coil assembly
206 to the coil support block 226. A pair of thumb
screws 242 fix the coil clip 240 to the coil support block

226. A similar coil clip 246 holds the other end of the -

col assembly 206 to the other coil support block 228.
A leg support wedge 250 raises the patient’s knee so
that 1t fits within the raised secondary coil assembly 206.
The leg support wedge 250 includes a lower wedge
member 252, an upper wedge member 254, and two
wedge uprights 256 and 258. The lower wedge member
252 1s disposed on the table 202. The wedge uprights
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256 and 258 support the upper wedge member 254, at an

angle, raised up from the lower wedge member 252.
Thus, as the patient lies on the pad 204 on the table 202,
the leg support wedge 250 raises the patient’s knee so
that it fits within the secondary coil assembly 206.
The index assembly 200 includes a U-shaped index

holder 260 (FIGS. 9-11). The index holder 260 has a
lower portion 262. A left support arm 264 and a right
support arm 266 extend upwardly from the index holder
lower portion 262. Two fasteners 268 extend through
the index holder lower portion 262 and secure the index
holder 260 to an end surface 269 of the table 202, as
shown in FIGS. 9 and 10.

A ptvot pin 270 (FIGS. 9 and 10) having an axis of
rotation 272 extends between the left and right support
arms 264 and 266. The axis 272 extends parallel to the
plane of the table 202 and in a direction across the width
of the table. The pivot pin 270 supports an index disk
280 for pivotal movement relative to the index holder
260. The index disk 280 is disposed between the left and
right support arms 264 and 266 of the index holder. The
mdex disk 280 is a part circular structure, shaped some-
what like a piece of pie, having a flat upper end surface
282 and a flat lower end surface 284. An outer circum-
ferential surface 286 extends between the upper and
lower end surfaces. A flat left outer side surface 290 and
a flat right outer side surface 292 are on opposite sides of
the index disk 280.

‘Two sets of index openings are arrayed on opposite
sides of the index disk 280. The first or left set of index
openings 294 extend inwardly into the index disk 280
from the left outer side surface 290 of the index disk.
The index openings 294 are arrayed in a part circular
pattern on the index disk 280 with the axis 272 as the
center of the pattern. The index openings 294 are all
equally spaced from the axis 272. The index openings
294 are spaced from each other in equal angular incre-
ments about the axis 272 and near the outer edge 286 of
the index disk 280. In the illustrated embodiment, the
index openings 294 are 20’ apart from each other, al-
though this spacing could be different as described in
more detail below.

The second or right set of index openings 296 extend
inwardly into the index disk 280 from the right outer
side surface of the index disk. The index openings 296
are arrayed in a part circular pattern on the index disk
280 with the axis 272 as the center of the pattern. The
index openings 296 are all equally spaced from the axis
272. The index openings 296 are spaced from each other
in equal angular increments about the axis 272 and near
the outer axis of the index disk 280. In the illustrated
embodiment, the index openings 296 are 20° apart from
each other, although this spacing could be different as
described in more detail below.

The index openings 294 are staggered from the index
openings 296. That is, the index openings 294 on one
side of the disk 280 do not align with the index openings
296 on the opposite side of the disk. Instead, the index
openings 294 are disposed so as to fall halfway between
pairs of index openings 296 of the other set. Thus, there
1s 2 10° angular increment between an index opening
294 of one set and an adjacent index opening 296 of the
other set.

A leg plate 300 is fixed to the index disk 280 for move-
ment with the index disk. Three leg plate attachment
screws 302 extend through the leg plate 300 and
through the upper end surface 282 of the index disk 280,
to secure the leg plate to the index disk. The leg plate
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300 is long enough to substantially support the lower
leg of the patient.

Two shider grooves in the leg plate 300 extend the
length of the leg plate. A left slider groove 304 (FIGS.
11, 13) 1s shaped to receive a tenon portion 306 of a cuff
slider 308. A right slider groove 310 extends parallel to
the left slider groove 304, also for the length of the leg
plate 300. The right siider groove 310 is similarly
shaped to receive the tenon portion 306 of the cuff
slider 308. The cuff slider 308 is slidable in one or the
other of the slider grooves 304 and 306.

A leg cuff 312 is fixed to the slider 308 for movement
with the slider. A plurality of cuff attachment screws
314 extend through the cuff 312 into the slider 308 to
secure the cuff to the slider. Thus, the cuff 312 is slid-
able with the slider 308 on the index disk 280. As the
index disk pivots about the axis 272, the cuff is free to
slide along the upper end surface 282 of the index disk.
Two leg straps 315 (FIG. 9) are attached to the leg cuff
312. The straps 315 are wrapped around the lower leg
of the patient to secure the lower leg to the cuff 312.

The 1index assembly 200 includes a left plunger assem-
bly 312 and a right plunger assembly 318, for control-
ling the pivotal location of the index disk 280.

The left plunger assembly 316 (FIG. 11) includes a
left plunger support block 320 fixed to the index holder
left support arm 264 by two screw fasteners 322. A left
plunger 324 extends through a passage 326 in the left
plunger support block 320. The left plunger 324 has a
trailing end portion 328 to which is connected a left
plunger actuator 330. The left plunger actuator 330 is a
cord or string 332 having a handle or finger grip 334 on
its end remote from the left plunger 324. The actuator
cord 332 extends from the left plunger 324 through the
actuator passage 238 (FIG. 9) in the left coil support
block 228, to a location where it can be grasped by the
patient’s left hand. +

The left plunger 324 projects from the left plunger
support block 320 into the index holder left support arm
264. A body portion 336 of the left plunger 324 is re-
ceived in a chamber 338 in the index holder left support
arm 264. A compression spring 340 is disposed in the
chamber 338 between the left plunger support arm 264
and the body portion 336 of the left plunger 324. The
compression spring 340 biases the left plunger 324
toward the index disk 280, in a direction to the right as
viewed in FIG. 9. A pulling force applied by the pa-
tient, through the actuator 330, is sufficient to overcome
the biasing effect of the spring 340 and retract the left
plunger 324 away from the index disk 280, in a direction
to the left as viewed in FIG. 9.

A leading end portion 342 of the left plunger 324
extends from the left plunger body portion 336 toward
the index disk 280. The leading end portion 342 is
aligned with the track of the left index openings 294 in
the index disk 280. Thus, as the index disk 280 pivots
about the axis 272, the left index openings 294 sequen-
tially come into position adjacent the left plunger 324 so
that the leading end portion 342 of the left plunger can
enter into a selected one of the left index openings to
block pivotal movement of the index disk. When the
leading end portion 342 of the left plunger 324 is not
engaged in one of the left index openings 294 in the
index disk 280, the leading end portion of the left
plunger rides along the left outer side surface 290 of the
index disk, between the left index openings.

The right plunger assembly 318 (FIG. 11A) is similar
to the left plunger assembly. The right plunger assem-
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bly 318 includes a right plunger support block 350 fixed

to the index holder right support arm 266 by two screw
fasteners 352. A right plunger 354 extends through a
passage 356 in the right plunger support block 350. The
right plunger 354 has a trailing end portion 358 to which
1s connected a right plunger actuator 360. The right
plunger actuator 360 is a cord or string 362 having a
handle or finger grip 364 on its end remote from the
right plunger 354. The actuator cord 362 extends from
the right plunger 354 through an actuator opening 335
(FIG. 9) in the right coil support block 228, to a location
where it can be grasped by the patient’s right hand.

The right plunger 354 (FIG. 11A) projects from the
right plunger support block 350 into the index holder
right support arm 266. A body portion 366 of the right
plunger 354 is received in a chamber 368 in the index
holder right support arm 266. A compression spring 370
1s disposed in the chamber 368 between the right
plunger support arm 266 and the body portion 366 of
the right plunger 354. The compression spring 370 bi-
ases the right plunger 354 toward the index disk 280, in
a direction to the left as viewed in FIG. 11A. A pulling
force applied by the patient, through the actuator 360, is
sufficient to overcome the biasing effect of the spring
370 and retract the right plunger 354 away from the
index disk 280, in a direction to the right as viewed in
FIG. 9.

A leading end portion 372 of the right plunger 354
extends from the right plunger body portion 366 toward
the index disk 280. The leading end portion 372 is
aligned with the track of the right index openings 296 in
the index disk 280. Thus, as the index disk 280 pivots
about the axis 272, the right index openings 296 sequen-
tially come into position adjacent the right plunger 354
so that the leading end portion 372 of the right plunger
354 can enter into a selected one of the right index
openings to block pivotal movement of the index disk.
When the leading end portion 372 of the right plunger
354 1s not engaged in one of the right index openings
296 1n the index disk 280, the leading end portion of the
right plunger rides along the right outer side surface 292
of the index disk, between the openings.

The index assembly 200 in the illustrated embodiment
i1s constructed for use in magnetic resonance 1maging of
a knee joint of a patient lying on his back inside a pri-
mary imaging coil of a magnetic resonance imaging
apparatus. The imaging table 202 is first slid out of the
primary coil so the patient can lie down on the table.
The secondary coil assembly 206 is opened, by swinging
the upper coil portion 218 away from the lower coil
portion 216. The patient lies on the table 202 and rests
his upper leg on the leg support wedge 250. The lower
leg rests on the cuff 312. The patient’s knee joint is
disposed above the lower portion 216 of the secondary
coil. The upper coil portion 218 is then repositioned
over the lower coil portion 216 for imaging of the knee
joint. The straps 315 are fitted around the lower leg to
stabilize the joint and secure the lower leg to the cuff
312. The table 202 is then slid into the primary imaging
coil.

The index assembly 200 can be in any desired index
position to start. For example, the index assembly 200
can be 1n the index position shown in solid lines in FIG.
10, 1 which the leg plate 300 and the cuff 312 extend
parallel to the plane of the table 202.

In this starting position, the various elements of the
index assembly 200 are in the positions shown in solid
lines in FIG. 8 and in FIG. 9. The cuff 312 and the slider
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308 are disposed at a relatively distal location (to the left
as viewed in FIG. 10) along the leg plate 300. The
leading end portion 342 of the left plunger 324 is en-
gaged in a left index opening 380 (FIG. 11) which is one
of the plurality of left index openings 294 in the index
disk 280. The right plunger 354 is not engaged in any of
the plurality of right index openings 296 in the index
disk 280--instead, the leading end portion 372 of the
right plunger is in abutting engagement with the right
outer side surface 292 of the index disk. The engage-
ment of the left plunger 324 in the index disk 280 blocks
pivotal movement of the index disk about the pivot pin
270. As a result, the cuff 312 and the lower leg are fixed
in position, and a clear image of the knee joint can be
taken.

After the knee joint is imaged in this first index posi-
tion, the patient grasps the left actuator handle 334 and
pulls on it. The force of the patient’s pulling is transmit-
ted through the actuator cord 332 to the left plunger
324. The left plunger 324 is retracted against the biasin g
effect of the left plunger spring 340. The leading end
portion 342 of the left plunger 324 comes out of the
index opening 380 in the index disk 280.

At this point, the left plunger 324 no longer blocks
pivotal movement of the index disk 280, and the index
disk can move out of the first index position shown in
solid lines in FIG. 11. Since the right plunger 354 is not
engaged in any of the plurality of right index openings
296 in the index disk 280, the index disk is free to pivot
about the axis 272. The weight of the patient’s lower
leg, pressing down through the cuff 312, the slider 308,
and the leg plate 300, causes the index disk 280 to pivot
downward in the direction indicated by the arrow 382
in FIG. 10. As the index disk 280 pivots, the leading end
portion 372 of the right plunger 354 slides along the
right outer side surface 292 of the index disk. The bias-
ing effect of the right plunger spring 370 forces the
leading end portion 372 of the right plunger 354 against
the outer side surface 292 of the index disk 280.

Once the index disk 280 has pivoted through an angle
of 10° the index opening 384 (FIG. 11A), which is one
of the plurality of right index openings 296 in the index
disk, becomes aligned with the right plunger 354. The
leading end portion 372 of the right plunger 354 moves
into the index opening 384. The engagement of the right
plunger 354 in the index disk 280 blocks pivotal move-
ment of the index disk 280 about the axis 272. As a
result, the cuff 312 and the lower leg are fixed in a
second index position, and a clear image of the knee
joint can be taken in this second index position, in which
the knee joint is moved 10° from the first index position.

Further images can be taken at succeeding 10° index
positions, by having the patient actuate the right
plunger 354, then the left plunger 324, in succession.
Thus, the physician can obtain a more complete picture
of the structure and movement of the knee joint through
its range of motion.

It can thus be seen that the index assembly 200 is
constructed so that, upon patient release of one of the
plunges 324 and 354 via its actuator, the index disk 280
will automatically move into the next sequential index
position, without skipping any intervening index posi-
tions. This ensures accurate and repeatable imaging
sequences. If desired, of course, the patient can actuate
the index assembly 200 as many times as directed be-
tween 1mages, for example to take images at every 20°
through the range of motion of the joint rather than
every 10°. Imaging at other angular increments can be
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provided by placing the index openings 294 and 296 in
the index disk 280 at different angular spacings, such as
5° rather than 10°, etc.

As the knee joint is flexed (moved from a straighter
position to a more bent position), the knee itself tends to
nise, thus pulling the lower leg closer toward the sec-
ondary coil assembly 206. The sliding movement of the
cuff 312 on the index disk 280 accommodates this. As
seen in FIG. 10, the cuff 312 is in a more distal position
along the index disk 280 when the upper end surface 282
of the index disk is parallel to the plane of the table 202.
When the knee joint is flexed and the index disk is
moved to the second index position shown in phantom
in FIG. 10, the cuff 312 and the slider 308 slide proxi-
mally (to the right as viewed in FIG. 10) along the index
disk 280. Thus, the knee joint is not strained but instead
is allowed to retain its normal configuration.

FI1G. 10 illustrates movement of the index disk 280
through an angle of 30° between the position shown in
solid lines and the position shown in phantom. This is
for purposes of clarity in the drawings. Showing the
index disk 280 moved only through a 10° increment, for

example, in FIG. 10, would not show the pivotal move-
ment so clearly. Thus, the 30° range of motion shown in

FIG. 10 between the first index position shown in solid
lines and the second index position shown in phantom
would be achieved by indexing three times--left, right,
and left. |

As noted above, the index holder 260 is secured to the
end surface 269 of the table 202. This allows the pa-
tient’s foot to drop down below the upper major side
surface 203 of the table 202, when the index assembly

200 1s moved to a low position (past that shown in phan-

tom in FIG. 10). Thus, the knee joint can be moved
through a greater range of motion than if the foot could
not drop below the upper major side surface 203 of the
table 202. Accordingly, the physician can image the
knee joint through a greater range of motion.
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This mounting of the index assembly on the end of

the table provides substantial advantages as compared
to prior art imaging in which the patient’s entire body
remains above the top of the imaging table. A typical
imaging table is about 6" deep (tall). Thus, when a pa-
tient lies on the top of a table and inside the primary
imaging coil, the table takes up 6" of vertical space
inside the primary coil, space which can then not be
used for imaging. Mounting the index assembly on the
end of the table in accordance with the present inven-
tion regains this 6" of space, and allows much greater
range of imaging motion. The table works for the pa-
tient and physician, rather than against them. For exam-

ple, the knee joint can be imaged through a range of

about 60° with the indexing assembly 200, while the
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prior art images only allow imaging through a range of ss

about 30°,

It should further be noted that the imaging apparatus
in accordance with both the first embodiment (FIGS.
1-8) and second embodiment (FIGS. 9-13) allow the
patient to lie on his back inside the primary coil. Prior
art imaging apparatus for indexing require the patient to
lie on his stomach. Since it takes two to five minutes for
each image (cut), the patient can be required to lie on his
stomach inside a claustrophobic primary coil for 30 to
60 minutes to image a joint with prior art imaging appa-
ratus. This is extremely uncomfortable. The patient’s
comfort is vastly increased by lying on his back, and the
imaging process is consequently improved.
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The known secondary coil assembly 206 is offset
laterally from the longitudinal center line of the table
202 so that the coil portions 216 and 218 are not over the
center line of the table 202 but rather are offset slightly
to one side. The secondary coil can be flipped 180° to
place the coil portions 216 and 218 offset slightly to the
other side of the center of the table 202. Thus, clear
images of the knee can be taken with the secondary coil
with either the left or right knee joint in its normal
position off the centerline of the body. To accommo-
date this variance in imaging position, the leg plate 300
has both the left slider groove 304 and the right slider
groove 310. When the slider 308 is placed in the left
slider groove 304, the cuff 312 is in the proper position
to image the left knee. When the slider 308 is placed in
the right slider groove 310, the cuff 312 is then in the
proper position to image the right knee.

As discussed above, the coil support blocks 226 and
228 (FIGS. 9-12) in the second embodiment of the
invention raise the secondary coil assembly 206 off its
normal position on the table 202. It may be necessary or
desirable to set the secondary coil assembly 206 at dif-
ferent heights relative to the table 202. If so, coil sup-
port blocks can be provided with different heights to
enable setting of the secondary coil assembly 206 at
different heights. Also, the leg support wedge 250 can
be replaced with similar wedges having different angles
and heights, to raise the knee to different heights above
the table 202.

From the above description of the invention, those
skilled in the art will perceive improvements, changes
and modifications in the invention. Such improvements,
changes and modifications within the skill of the art are
intended to be covered by the appended claims.

I claim:

1. A method of imaging a knee joint of patient with an
imaging unit, said method comprising the steps of grip-
ping a lower portion of a patient’s leg at a location
below the knee joint with a cuff which is connected
with a rotatable member, positioning the knee joint in
the imaging unit, bending the knee joint while the knee

joint 1s in the imaging unit, moving the lower portion of

the patient’s leg along an arcuate path while bending the
knee joint, rotating the cuff and the member under the
influence of force applied against the cuff by the lower
portion of the patient’s leg and transmitted from the cuff
to the member during bending of the knee joint, retain-
ing the lower portion of the patient’s leg against move-
ment in a direction transverse to the arcuate path during
bending of the knee joint, said step of retaining the
lower portion of the patient’s leg against movement in a
direction transverse to the arcuate path including re-
straining the lower portion of the patient’s leg against
movement in a direction transverse to the arcuate path
under the influence of force transmitted from the mem-
ber through the cuff to the lower portion of the patient’s
leg, and imaging the knee joint when the lower portion
of the patient’s leg is at each of a plurality of positions
along the arcuate path.

2. A method as set forth in claim 1 further including
the steps of interrupting bending of the knee joint with
the lower portion of the patient’s leg at each of the
plurality of positions along the arcuate path, and main-
taining the lower portion of the patient’s leg stationary
in each of the plurality of positions in turn while imag-
ing the knee joint.

3. A method as set forth in claim 2 wherein said step
of positioning the knee joint in the imaging unit includes
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positioning the knee joint in the imaging unit with an
axis about which the member is rotatable extending
through the patient’s leg.

4. A method as set forth in claim 1 wherein said step
of rotating the cuff and the member includes rotating
the cuff and member about an upright axis which ex-
tends through the patient’s leg, said step of moving the
lower portion of the patient’s leg along an arcuate path
mcludes moving the lower portion of the patient’s leg
along a generally horizontal arcuate path.

5. A method as set forth in claim 1 further including
the step of moving the cuff relative to the member to
change the distance between the cuff and the axis of
rotation of the member during performance of said step
of moving the lower portion of the patient’s leg along
an arcuate path while bending the knee joint.

6. A method of imaging a knee joint of a patient while
the patient is lying on his or her back, said method
comprising the steps of gripping a lower portion of a
patient’s leg at a location below the knee joint with a
cuff which is connected with a rotatable member, posi-
tioning the knee joint in the imaging unit with the pa-
tient lying on his or her back, bending the knee joint
while the knee joint is in the imaging unit and while the
patient 1s lying on his or her back, moving the lower
portion of the patient’s leg along an arcuate path while
bendig the knee joint with the patient lying on his or her
back, rotating the cuff and the member about an axis
extending through the member during bending of the
knee joint while the patient is lying on his or her back,
retaining the lower portion of the patient’s leg against
movement in a direction transverse to the arcuate path
during bending of the knee joint while the patient is
lying on his or her back, said step of retaining the lower
portion of the patient’s leg against movement in a direc-
tion transverse to the arcuate path including restraining
the lower portion of the patient’s leg against movement
In a direction transverse to the arcuate path under the
influence of force transmitted from the member through
the cuff to the lower portion of the patient’s leg, and
imaging the knee joint when the lower portion of the
patient’s leg 1s at each of a plurality of positions along
the arcuate path while the patient is lying on his or her
back.

7. A method as set forth in claim 6 further including
the step of moving the cuff along a linear path extending
perpendicular to the axis about which the cuff and
member are rotatable during bending of the knee joint
with the patient lying on his or her back.

8. A method as set forth in claim 7 wherein said step
of moving the cuff along a linear path includes moving
the cuff along the linear path under the influence of
force applied against the cuff by the lower portion of
the patient’s leg during performance of said step of
bending the knee joint while the knee joint is in the
imaging unit and while the patient is lying on his or her
back.

9. A method as set forth in claim 8 wherein said step
of rotating the cuff and the member about an axis ex-
tending through the member during bending on the
knee joint while the patient is lying on his or her back
includes rotating the cuff and the member under the
influence of force transmitted from the cuff to the mem-
ber from the lower portion of the patient’s leg.

10. A method as set forth in claim 6 further including
the steps of interrupting bending of the knee joint with
the lower portion of the patient’s leg at each of a plural-
ity of positions along the arcuate path and while the
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patient is lying on his or her back, and maintaining the
lower portion of the patient’s leg stationary in each of
the plurality of positions in turn while imaging the knee
joint with the patient lying on his or her back.

11. A method of imaging a knee joint of patient with
an imaging unit, said method comprising the steps of
gripping a lower portion of a patient’s leg at a location
below the knee joint with a cuff which is connected
with a rotatable member, positioning the knee joint in
the imaging unit, bending the knee joint while the knee
joint is in the imaging unit, rotating the cuff and the
member about an axis during bending of the knee joint,
moving the cuff along a linear path relative to the rotat-
able member under the influence of force applied
against the cuff by the lower portion of the patient’s leg
while bending the knee joint, and imaging the knee joint
when the lower portion of the patient’s leg is at each of
a plurality of positions in the imaging unit.

12. A method as set forth in claim 11 wherein said
step of moving the cuff along a linear path includes
moving the cuff toward the axis about which the cuff
and rotatable member rotate during bending of the knee
joint to flex the patient’s leg and moving the cuff away
from the axis about which the cuff and rotatable mem-
ber rotate during bending of the knee joint to extend the
patient’s leg.

13. A method as set forth in claim 11 further includ-
ing moving the lower portion of the patient’s leg along
an arcuate path while bending the knee joint; and retain-
ing the lower portion of the patient’s leg against move-
ment in a direction transverse to the arcuate path during
bending of the knee joint, said step of retaining the
lower portion of the patient’s leg against movement in a
direction transverse to the arcuate path including re-
straining the lower portion of the patient’s leg against
movement in a direction transverse to the arcuate path
under the influence of force transmitted from the mem-
ber through the cuff to the lower portion of the patient’s
leg.

14. A method as set forth in claim 11 wherein said
step of rotating the cuff and member about an axis in-
cluding moving the cuff and member under the influ-
ence of force applied against the cuff by the lower por-
tion of the patient’s leg.

15. A method as set forth in claim 11 wherein said
step of positioning the knee joint in the imaging unit is
performed with the patient lying on his or her back, said
steps of bending the knee joint being performed with
the patient lying on his or her back, and said step of
imaging the knee joint being performed with the patient
lying on his or her back.

16. A method as set forth in claim 11 further includ-
ing the steps of interrupting bending of the knee joint
when the lower portion of the patient’s leg is at each of
the plurality of positions in the imaging unit, and main-
taming the lower portion of the patient’s leg stationary
in each of the plurality of positions in turn while imag-
ing the knee joint.

17. Apparatus for magnetic resonance imaging a knee
joint of a patient, said apparatus comprising a magnetic
resonance iraging unit, and positioning means for con-
trolling bending of the patient’s knee joint with the knee
joint in said magnetic resonance imaging unit, said posi-
tioning means including a base, a member rotatable
relative to said base about an upright axis with said
member at least partially in said magnetic resonance
imaging unit, cuff means for holding a lower portion of
the patient’s leg at a location below the knee joint with
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the knee joint in said magnetic resonance imaging unit
and with the patient’s lcg extending across said member
through the upright axis about which said member is
rotatable, and connector means for connecting said cuff
means with said rotatable member and for rotating said
rotatable member under the influence of force transmit-
ted from said cuff means through said connector means
to said rotatable member from the lower portion of the
patient’s leg.

18. An apparatus as set forth in claim 17 wherein said
member has a circular conﬁguratlon and the upright
axis about which said member is rotatable extends
through the center of said member.

19. An apparatus as set forth in claim 18 wherein said
positioning means includes a plurality of index locations
disposed along a peripheral edge portion of said mem-
ber, and means for engaging at least one of said index
locations to hold said member against rotation about the
upright axis during imaging of the knee joint in said
magnetic resonance imaging unit.

20. An apparatus as set forth in claim 17 wherein said
positioning means includes surface means disposed in a
place extending perpendicular to the upright axis and
connected with said member for at least partially sup-
porting the patient’s leg during rotation of said member
about the upright axis.

21. An apparatus as set forth in claim 17 wherein said
connector means and cuff means cooperate to guide
movement of the lower portion of the patient’s leg
along an arc having a center of curvature located on the
upright axis about which said member rotates.

22. An apparatus as set forth in claim 17 wherein said
positioning means includes an index mechanism for
retaining said member and the lower portion of the
patient’s leg in each index position of a series of index
positions in turn, said index mechanism including a
plurality of index locations disposed in an arcuate array
on said member, retainer means for engaging sad index
locations, said retainer means being movable between
an extended position engaging an index location and a
retracted position spaced from said index locations,
biasing means for urging said retainer means toward the
extended position, latch means for retaining said re-
taimner means in the retracted position against the influ-
ence of said biasing means, said latch means being oper-
able between a latch position in which said latch means
1s effective to retain said retainer means in the retracted
position and a release position in which said latch means
is ineffective to retain said retainer means in the re-
tracted position, and means for operating said latch
means from the latch position to the release position in
response to rotational movement of said member about
the upright axis.

23. An apparatus for magnetic resonance imaging a
knee joint of a patient, said apparatus comprising a
magnetic resonance imaging unit, and posxtmmng
means for controllmg bending of the patient’s knee _]omt
with the knee joint in said magnetic resonance imaging
unit, said positioning means including a base, a member
rotatabie relative to said base with said member at least
partially in said magnetic resonance imaging unit, cuff
means for holding a lower portion of a patient’s leg at a
location below the knee joint with the knee joint in said
magnetic resonance imaging unit, and connector means
for connecting said cuff means with said member, said
connector means including means for enabling said cuff
means to move relative to said member along a linear
path in one direction during rotation of said member
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and flexion of the knee joint and for enabling said cuff
means to move relative to said member along the linear
path 1n a direction opposite to the one direction during
rotation of said member and extension of the knee joint,
said cuff means being movable relative to said member
along the linear path under the influence of force trans-
mitted to said cuff means from the lower portion of the
patient’s leg.

24. An apparatus as set forth in claim 22 wherein said
connector means includes surface means for forming a
linear track connected with said member and a slider
movable along the linear track and connected with said
cuff means.

25. An apparatus as set forth in claim 25 wherein said
connector means transmits force from said cuff means
to rotate said member under the influence of force ap-
plied against said cuff means by the lower portion of the
patient’s leg.

26. An apparatus as set forth in claim 25 wherein said
positioning means includes means for supporting said
member for rotation about a horizontal axis.

27. An apparatus as set forth in claim 25 wherein said
positioning means includes a plurality of index locations
disposed along a peripheral edge portion of said mem-
ber, and means for engaging at least one of said index
locations to hold said member against rotation during
imaging of the knee joint in said magnetic resonance
imaging unit.

28. An apparatus for magnetic resonance imaging a
knee joint of a patient, said apparatus comprising a
magnetic resonance imaging unit, and positioning
means for controlling bcndmg of the patient’s knee joint
In said magnetic resonance imaging unit, said position-
ing means including a base, a member rotatable relative
to said base with said member at least partially in said
magnetic resonance imaging unit, cuff means for hold-
Ing a lower portion of a patient’s leg at a location below
the knee joint with the knee joint in said magnetic reso-
nance imaging unit, connector means for connecting
said cuff means with said member, an arcuate array of
index locations connected with said rotatable member,
said arcuate array of index locations having a center of
curvature disposed on an axis about which said member
is rotatable, an index element movable between an en-
gaged position engaging at least one of said index loca-
tions to retain said member against rotation and a disen-
gaged position spaced from said index location to re-
lease said member for rotation, biasing means for urging
said index element toward the engaged position, and
actuator means for moving said index element from the
engaged position to the disengaged position against the
influence of said biasing means and under the influence
of force applied to said actuator means by the patient.

29. An apparatus as set forth in claim 28 further in-
cluding connector means for enabling said cuff means to
move relative to said member along a linear path in one
direction during rotation of said member and flexion of
the knee joint and for enabling said cuff means to move
relative to said member along the linear path in a direc-
tion opposite to the one direction during rotation of said
member and extension of the knee joint, said cuff means
being movable relative to said member along the linear
path under the influence of force transmitted to said cuff
means from the lower portion of the patient’s leg.

30. An apparatus as set forth in claim 28 wherein said
connector means includes means for rotating said rotat-
able member under the influence of force transmitted
from said cuff means through said connector means to
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said rotatable member from the lower portion of the Z‘;z:;l; ?:g upright axis which extends through the pa-
patient’s leg. 32. An apparatus as set forth in claim 30 further in-

cluding means for supporting said member for rotation
‘ 5 about a horizontal axis.
cluding means for supporting said member for rotation * * * % =

31. An apparatus as set forth in claim 30 further in-
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